Earth Sciences Division
Berkeley Lab

SCIENTIFIC FOCUS AREAS

The Ecology Department (ED) intends to maintain the high-
est quality and highest visibility for its research and develop-
ment in five areas:

¢ Bioenergy

¢ Hydroecological engineering advanced decision support

* Molecular microbial ecology

¢ Real-time assessment of bioavailability and biokinetics

¢ Bioremediation and natural attenuation

These four R&D areas are largely integrated, but contain
some domains that are not inclusive. They are considered ED’s
core competencies.

Bioenergy

Concerns about global warming, dependence on foreign
oil, and rising gasoline prices have spurred a strong interest in
bioenergy in the United States. ED scientists will be contribut-
ing their expertise in microbiology, molecular microbial ecolo-
gy, and bacterial metabolism to a scientific challenge of great
national importance: the efficient production of biofuels. LBNL
has been a key strategic partner in large research initiatives for
developing bioenergy, including the Joint Bioenergy Institute
(JBEI), a Department of Energy-funded research center that
will receive $125 million over five years, and the Energy
Biosciences Institute (EBI), which is being funded by the ener-
gy company BP at a level of $500 million over ten years. Both
JBEI and EBI began operations in late 2007. The Ecology
department will play an important role in both JBEI and EBI.
For example, two ED personnel will serve as directors in JBEI:
the director of microbial communities (responsible for study-
ing the structural and functional dynamics of microbial com-
munities that efficiently degrade lignocellulosic biomass) and
the director of biofuels pathways (responsible for discovering
genes that can be engineered into metabolic pathways, result-
ing in efficient production of various transportation fuels from
cellulose degradation products). In EBI, ED scientists will be
involved in the study of microbially enhanced hydrocarbon
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recovery and will co-lead a systems biology program, which
will entail the intensive, genome-enabled study of certain
bioenergy-related microorganisms (“omics” studies, including
transcriptomics, proteomics, and metabolomics).

Hydroecological Engineering Advanced Decision
Support (HEADS)

The HEADS research focus area has established a strong
track record in the rapidly growing, new subject area of
Ecological Engineering. The term “hydroecological engineer-
ing” signifies the group’s concentration on water resources and
wastewater engineering. Recognizing the growth in the field of
environmental informatics and the application of computer-
based models in the development of decision support systems,
the group is active in this niche area. Interest in decision sup-
port interfaces well with the group’s expertise in the deploy-
ment of real-time flow and water quality sensors, rapid labora-
tory assessment techniques, and mathematical models to
develop an early warning system for contaminant manage-
ment and containment.

Molecular Microbial Ecology (MME)

Understanding microbial interactions is key to the study of
global warming, biodegradation of harmful compounds, and the
exploration of complex microbial communities in their natural
environment. The DOE has placed an increased emphasis on the
role microbes play in modifying their environment and their
impact on energy security. The MME group has responded to
these needs by aggressively seeking out new projects and
expanding its staff to develop new core capabilities. One of the
key challenges has been to harness the explosion of microbial
DNA sequence information to accurately measure the microbial
dynamics in extreme environments. Since less than one percent
of the microbial species can be cultured from these environments,
our knowledge of what these organisms may be doing is limited
to where they are observed and the similarity of their genomes to
studied organisms. By understanding the ecological structure of
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microbial communities and the fine-scale dynamics resulting
from subtle perturbations, it may be possible to identify novel
functional pathways and use the diverse microbial capabilities to
assist in key DOE missions. Molecular tools being developed in
the ESD Center for Environmental Biotechnology will position us
to be leaders in this area.

Real-Time Assesment of Bioavailability and Biokinetics
(RABB)

Interactions between environmental pollutants and ecolog-
ical receptors begin when the pollutants become available to
the target sites of a live ecological receptor. The ability to char-
acterize the dynamics of pollutant bioavailability, their trans-
formation kinetics, and the subsequent ecological response is a
keystone to advancing the science in relevant DOE areas,
including biogeochemistry, bioremediation, and exposure and
risk assessment. Since 1999, the RABB research group at ED has
pioneered the development and application of several cutting-
edge technologies, such as synchrotron radiation-based spec-
tromicroscopy, in vitro human gastrointestinal mimetic reac-
tors, and in vivo mouse protocols that allow for the real-time
assessment of bioavailability and biokinetics of environmental
pollutants. The RABB group intends to establish this capability
further by seeking out new projects and new collaborators, as
well as expanding our staff, to position us as leaders in the
areas of biological and environmental sciences.

Bioremediation and Natural Attenuation

Bioremediation and natural attenuation have been rapidly
growing areas of scientific study over the past decade. The
acceptance of natural attenuation as a solution for cleaning up
contaminated sites, and DOE’s recognition that they will have
long-term stewardship concerns to address at the most con-
taminated sites, has greatly increased the urgency for research
related to microbial ecology, biogeochemistry, biochemistry,
and molecular detection techniques. This type of research is
truly enabling for natural attenuation, since characterization,
transport-and-fate prediction, and verification monitoring
require a strong scientific basis. Natural attenuation is viewed
as the best solution for cleaning up many waste sites and will
save billions of dollars in cleanup costs.

ED scientists and engineers are recognized leaders in the
field of bioremediation and natural attenuation. The Center for
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Environmental Biotechnology provides the primary facilities
used by ED, including state-of-the-art equipment for microbi-
ology and environmental engineering. ED investigators have
extensive experience in both water treatment and aquifer biore-
mediation. In addition to basic research, ED investigators have
been involved in various aspects of more than 100 field demon-
strations and deployments, and have five patents in this area
that are licensed to more than 30 companies. The types of con-
taminants in which ED investigators have expertise include
chlorinated solvents, petroleum hydrocarbons (including
monoaromatic and polynuclear aromatic hydrocarbons),
methyl tert-butyl ether (MTBE), high explosives (especially
TNT and RDX), nitrate, plutonium, neptunium, chromium,
and uranium. The Bioremediation and Natural Attenuation
area has both basic research and field application foci for the
ED. The basic research foci are metabolism and physiology
(including the genetics and biochemistry underlying pollutant
metabolism), biotransformation kinetics, and modeling of bio-
geochemical processes. Field-application foci are in situ moni-
toring techniques (including molecular, mass spectrometric,
and biogeochemical approaches), co-metabolic techniques, and
modeling of attenuation and environmental fate.

FUNDING

ED personnel are funded by DOE Programs in (1) the Office
of Science, Office of Biological and Environmental Research
(OBER) (Environmental Remediation Sciences Program,
Genomics:GTL, Bioenergy, and Medical Sciences); (2) the Office
of Environmental Management, Environmental Restoration
Programs; (3) the Office of Fossil Research, the Petroleum
Environmental Research Forum; and (4) the National Nuclear
Security Administration, Office of Nonproliferation Research
and Engineering (NN20). In addition, support is provided by
the U.S. Department of Homeland Security, National Institutes
of Health, U. S. Environmental Protection Agency, the
Department of Agriculture; the Department of the Interior,
Bureau of Land Management and Bureau of Reclamation
under the CALFED program, NASA Astrobiology Institutes, as
well as several projects with remediation companies using
DOE-patented technologies for in situ bioremediation. ED per-
sonnel are also funded by Berkeley Lab’s Laboratory Directed
Research and Development (LDRD) Program in the area of
microbial fuel cells, fungal rDNA arrays, and FTIR biokinetic
analaysis.





